. The anatomical features and clinical expression of the disease vary widely from totally asymptomatic septal hypertrophy without left ventricular obstruction to very high outflow gradients and, finally, to poorly compliant, poorly contractile ventricles without outflow obstruction. Symptomatic patients may experience chest pain, arrhythmias, or heart failure, and sudden death has been observed in all varieties. Since HOCM is a relatively common form of cardiomyopathy it is important to identify this disorder in both symptomatic and asymptomatic patients. The recent advent of ultrasound techniques has provided a safe, inexpensive method for diagnosing and assessing HOCM.
Gunton, I962; Cohen et al., I964; Braunwald et al., I964) . The anatomical features and clinical expression of the disease vary widely from totally asymptomatic septal hypertrophy without left ventricular obstruction to very high outflow gradients and, finally, to poorly compliant, poorly contractile ventricles without outflow obstruction. Symptomatic patients may experience chest pain, arrhythmias, or heart failure, and sudden death has been observed in all varieties. Since HOCM is a relatively common form of cardiomyopathy it is important to identify this disorder in both symptomatic and asymptomatic patients. The recent advent of ultrasound techniques has provided a safe, inexpensive method for diagnosing and assessing HOCM. Transcutaneous directional Doppler velocity recordings were made using the technique described by Light (I969) with a 2.2 MHz beam of ultrasound focused at a depth of 8 cm. The transducer was positioned in the suprasternal notch and aimed approximately towards the left scapula crossing the descending aortic arch until maximal forward flow was seen with the least possible level of background noise. Simultaneous electrocardiogram, phonocardiogram, and carotid pulse tracings were recorded with the velocity trace, using a Litton recorder.
9I8 Boughner, Schuld, and Persaud Case I A io-year-old boy was seen during the assessment of all first degree relatives of another patient with proven hypertrophic cardiomyopathy. This patient was asymptomatic and normally active. Physical examination rerevealed a healthy looking boy with a normal blood pressure and pulse rate and no abnormal heart sounds or murmurs. The chest x-ray and electrocardiogram were normal.
The echocardiogram showed an interventricular septum I2 mm thick and a posterior wall thickness of 8 mm with a septum to posterior wall ratio of I.5:I (Fig. i) Case 2 A is-year-old boy was seen for assessment of electrocardiographic abnormalities. His mother had been shown 2 years previously by cardiac catheterization to have HOCM and her two sons had been subsequently found to have abnormal electrocardiograms. This patient was asymptomatic. Physical examination showed a muscular healthy looking boy with a pulse rate of 64/min and a blood pressure of 95/65 mmHg (12.6/ 8.6 kPa). The cardiac apex was normally placed and a soft fourth heart sound was audible but not palpable. A grade 2/4 mid-systolic ejection murmur was audible along the left sternal border and at the apex.
The chest x-ray was normal and the electrocardiogram showed right axis deviation and deep narrow Q waves from V2 to V6.
The cardiac catheter study showed a resting left ventricular pressure of 130/5 mmHg (I7.3/0.7 kPa) and outflow tract pressure of II2/9 mmHg (I4.9/I.2 kPa) with no aortic valve gradient. After 7.5 jg isoprenaline had been injected intravenously, a gradient of 70 mmHg (9.3 kPa) was produced across the left ventricular outflow tract. Narrowing of the outflow tract could be seen on the left ventriculogram. (Fig. 3) . The aortic valve movement was normal. The calculated outflow gradient by the method of Henry et al. (I973b) was i2 mmHg (i.6 kPa). The transcutaneous aortic velocity tracing was consistently normal at rest, but after 7.5 ,ug isoprenaline intravenously a striking delay in the rise to peak velocity appeared indicating early systolic outflow obstruction (Fig. 4) .
Similar angiographic and echocardiographic findings were present in this patient's brother.
Case 3 A 49-year-old woman was seen for assessment of progressive exertional dyspnoea and a cardiac murmur that had been present for 7 years. The patient was unable to walk on level ground for more than I00 to 200 yards because of dyspnoea, but had not experienced chest pain. She also complained of nocturnal ankle oedema and brief episodes of sudden rapid palpitation.
Physical examination revealed a healthy appearing Echocardiography done subsequently showed a thickened interventricular septum at 28 mm and a thickened posterior wall at I7 mm (normal<14 mm) with a septum to posterior wall ratio of I.6:I. The septum was 4 per cent thicker in systole than in diastole. The left ventricular cavity was small with an estimated end-systolic volume of 8 ml, the cardiac output was 3.I 1/min, and the ejection fraction 89 per cent. The mitral valve diastolic closure rate was reduced at 26 mm/s.
During systole the anterior mitral valve leaflet reopened widely so that the leaflet and septum were in close apposition during a large portion of the ejection time (Fig. 5) . The gradient across the outflow tract was estimated at 78 numHg (I0.3 kPa) using the method of Henry et al. (1973b Echocardiography done i8 months later showed a noncontractile septum iS mm thick and a poorly contracting posterior wall 7 mm thick giving a septum to posterior wall ratio of 2.3: 1 (Fig. 8) (Henry, Clark, and Epstein, I973a) .
In addition to the abnormal hypertrophy the interventricular septum may be poorly contractile (Rosen et al., 1974) with decreased systolic thickening and excursion. In all four cases this thickening fell below the lower limit of normal (30%) though Case i, with asymmetric septal hypertrophy alone, was near that limit (Table) .
A small ventricle with a raised ejection fraction is characteristic of the obstructive form of HOCM, as seen in Cases 2 and 3, while the loss of obstruction in the latter stages of the disease process may result in a 'normal' sized chamber with a much reduced ejection fraction (Case 4).
Mitral valve movement in the obstructive stage of HOCM is distinctly abnormal and, within limits, characteristic. The diastolic closure rate of the anterior leaflet is usually much reduced while in the 'early' stage, e.g. septal hypertrophy alone as seen in first degree relatives of HOCM patients, the diastolic closure rate is frequently normal. Also in the late stage when the outflow obstruction has disappeared the diastolic closure rate may return to normal. The explanation for these findings probably lies in the dynamics of mitral valve motion. In model studies the diastolic closure rate has been shown to depend on vortex formation in the ventricular outflow tract closing the valve in middiastole (Bellhouse, Belihouse, and Gunning, I973) . In HOCM the proximity of the greatly hypertrophied septum may result in poor vortex formation in the abnormally shaped small cavity, and thus provide little force to reclose the anterior mitral leaflet in diastole. When the outflow tract size is adequate, as in Cases i and 4, the diastolic closure rate is normal. With significant disease the aortic valve closes in mid-systole, presumably in response to the sudden attenuation of blood flow as obstruction develops, but reopens late in systole. The valve was seen to vibrate throughout systole in the patient with severe obstruction (Fig. 6) , reflecting turbulent flow across the valve which may be caused by subvalvular stenosis of any type (Popp et al., I974) . The systolic closure and reopening, however, are specific for the variable obstruction that occurs only in HOCM.
The abnormal pattern of aortic blood velocity seen in HOCM was first described by Hernandez, Greenfield, and McCall (I964) using the intraaortic pressure gradient technique and was characterized by a rapid early systolic velocity followed by an abrupt decrease in flow velocity at mid-systole with a slower late systolic velocity. Blood velocity can be measured by transcutaneous Doppler ultrasound techniques either from the carotid artery (Joyner, Harrison, and Grubner, 197I) or, as we have done, from the descending aortic arch. Case I without evidence of obstruction showed a normal velocity trace obtained from the descending aortic arch by transcutaneous Doppler ultrasound (Fig.   2 ). The velocity pattern was symmetrical throughout systole with a maximum peak velocity occurring at mid-systole. Case 2 with minimal resting obstruction but a 70 mmHg (9.3 kPa) outflow tract gradient after isoprenaline showed a pronounced alteration in the aortic velocity pattern after infusion of that drug (Fig. 4) . The development of obstruction in 
